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niumination system 



FIELD OF THE INVENTION 

The present invention relates to an illumination system comprising an optical 
waveguide being optically transparent and having an exit surface and a pluraUty of end feces, 
opposite to at least one of which a light source is situated, whose light is to be coupled in to 
5 fee optical waveguide at said at least one end face, the optical waveguide havuag polarizing 
means integrated therein for polarizing the light emitted by the light source. 

The invention further relates to a method of manufacturing polari^ng means 
in an optical waveguide being optically transparent and having an exit surfece and a plurality 
of end feces, opposite to at least one of which a light source is adapted to be situated, whose 
10 light is to be coupled in to the optical waveguide at said at least one end face, the polarizing 
means being adapted to polarize the light emitted by the light source. 

The invention also relates to a method of controlling the direction of 
outcoupling of polarized light from an illumination system comprising an optical waveguide 
bemg optically transparent and having an exit surface and a plurality of end faces, opposite to 
15 at least one of which a Ught source is situated, whose light is to be coupled in to tiie optical 
waveguide at said at least one end fece, the optical waveguide having polari2mg means 
integrated tiierein for polarisdng the light emitted by the light source. 

BACKGROUND OF THE INVENTION 

20 Illumination with unpolarized or polarized light is a wide spread technology. 

One example is illumination of LCD displays that are fiequently used for displaying 
information to a user, below called the viewer, of a mobile phone, a PDA or another 
electronic device. An LCD display is preferably illuminated with polarized light The 
illumination could be made either as a back light illumination where the light is emitted 

25 towards tfie viewer via the display panel or as a front light illumination where the light is 
emitted towards the display panel and is tiien reflected back towards the viewer. The 
international application WO 01/51849 describes a display device including an optical 
waveguide for providing illumination of a display panel. The optical waveguide is provided 
with grooves that are filled with a birefringent material. The birefrmgent material in the 
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grooves splits light incoming from the side into two light beams havfag mutually opposite 
polarizatian. The grooves of the optical waveguide are ftus filled with an anisotropic uniaxial 
material, for example nematic liquid crystalline material, to achieve the outcoupling of 
polarised Kght of a desired polarization towards the display panel that is to be illuminated. 
5 lUumination with polarized Ught may also be used for room Ughtmg. In the prior art 

illumination ^stems, such as that described m WO 01/51849. the direction of the outcoupled 
polarized light is fixed and cannot be controlled. 

SUMMARY OF THE INVENHON 

An object of the present invention is to provide an illumination system which 
decreases or elimmates the drawbacks of the prior art and thus provides an illumtoation 
system in which the direction of the outcoupled polarized Ught can be controlled. 
This object is achieved with an illumination system according to the preamble and 
characterized in that tiie polarizing means comprises: 

■ which is made of an optically transparent material and is adapted 

to receive said light coupled in to the optical waveguide at said at least one end face, 

a Wrefiingent layer comprising liquid crystals being provided on the li^ 
guide at Ifae exit sur&ce side thereof and 

a first electrode and a second electrode both having electrical contact with the 
20 birefiingetrt layer and beteg ad^ted to be connected to a voltage generator by which the 
voltage applied between the electrodes and thereby the birefiingent properties of the 
birefiingent layer comprising the liquid crystals m^ be varied to control the direction of light 
outcoiq)led via the exit sur&ce. 

An advantage of the present ravention is that the direction of the outcoupled 
25 light may be controlled and varied. The illumhwtion provided by the Ulummation system can 
thus be varied in response to the ambient conditions, the nature of the object or activify that is 
to be iUuminated and the preferences of the user. Liquid crystals are well known fixMn LCD 
display applications and are easily available. The control of the birefKngent properties by 
varying the voltage is a simple and robust process also well known fi-om LCD appUcations. 
30 Thus the illummation system is based on common mauufacturuig methods, cheap to 
manufacture and easy to handle. 

The measure according to claim 2 has the advantage of providing an 
outcoupling of the Ught at a larger angle from the exit surface, and even nonnal to the exit 
surfece. Thus the microstructures makes it possible to control the outcoupling of Ught m 
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directions ranging from almost normal to the exit surface, when e.g. a comparably high 
voltage is applied, to a high angle to the normal of the exit surface, when e.g. alow voltage 
or no voltage is applied. 

The measure according to claim 3 has the advantage of providing an efficient 
5 way of providing an outcoupling in a dh-ection substantially normal to the exit surface. 
Hie measure according to claim 4 has the advantage of keeping the liquid 
crystals, being in a liquid crystalline state, of the birefiingent layer confined on the light 
guide. Thus the illumination system may be positioned in wy dkec^oa without the risk of 
leakage. The protective cover also protects ttie birefdngent layer from damage and 
10 contamination. 

The measure according to claim 5 has the advance that the fece of the 
protective cover facing the birefrix^ent layer is generally plane and is thus suitable for the 
attachment of at least one of the electrodes. 

The measure according to claim 6 has the extra advantage of avoiding &e need 
15 for placement of electrodes on that surface of the light guide which faces the birefringent 
layer. Said surface of the light guide may be provided with microstructure:^ e.g. grooves, 
which makes the placement of electrodes thereon difficult. The placement of both electrodes 
in the cover, on the face thereof feeing the birefrmgent layer, makes manufacturing easier and 
increases the freedom in choosing the shape and placement of microstructures on the light 
20 guide. 

The measure according to claun 7 has the advantage of providing an increased 
freedom in placement of electrodes in the cov©r and/or on the light guide. 

The measure according to claim 8 has the advantage of providing the 
possibility of addressing only a part of the illumination system. Thus it is possible to use 
25 separate voltage generators or switches to apply a voltage to only some of the electrodes and 
thus obtam an outcoupling of light at a large angle only from apart of the illumination 
system. 

The measure accordmg to claim 9 has the advantage of enablhig the placement 
of electrodes in the path of ttie outcoupled light without decreasing the intensity of the 
30 outcoupled light 

A further object of the invention is to provide a method of manufacturing 
controllable polarizing means in an optical waveguide for the use in an illummation system in 
which the direction of the outcoupled polarized light can be controlled. 
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This object is achieved with a method according to the preamble and characterized by the 
st^so£ 

forming a Ught guide of an optically transparent material for receiving said 
light coupled hi to the optical waveguide at said at least one eod face, 

5 - ^'^ing a biiefruigent layer comprising Uquid crystals on the Ught guide at ihe 

exit sur&ce side tbiereo^ and 

connecting a first electrode and a second electrode to the birefrtogent layer 
comprishig the Uquid crystals for controlling the dkection of polarized light outcoupled via 
the exit surface 1^ the polaii^ng means. 

advantage of this method of manufacturing a polarirfng means is that 
components well know fix)m other technical areas, such as LCD's, m^ be used. The 
polarizing means thus manufactured is robust, comparably cheap witti respect to 
manufacturing costs and provides an easily controUable direction of the outcoupled li^ 
The measure according to claim 11 has the advantage of providing a sunple 
15 and efficient way of providing one or both electrodes in the illumination system smce that 
fece of the protective cover which feces the buefrhigent layer is generaUy flat and weU suited 
for the attachment of one or several electrodes. 

A fUrflier olqect of fte faivention is to provide a method of controUing the 
direction of the polarized light outeoi^jled ftom an illumfaation system. 
2^ This object is achieved with a method according to the preamble and 

chaiactmzed in using a polarizhig means comprising: 

a light guide, which is made of an optically transparent material and is adapted 
to receive said Ught coupled in to 4e optical waveguide at said at least one end face, 

a birefiingent l^er comprfefag Uqpiid crystals being provided on fbs Ught 
25 guide at the exit surface side thereof, and 

a first electrode and a second electrode both havmg electrical contact wifli the 
bu-efringent layer, and 

applying a voltage between the first and the second electrodes that provides 
the desired direction of the polarized Ught outcoupled via the exit surface. 
3° An advantage of this method is that the diresction of the outcoupled Ught may 

be controlled with sunple means, e.g. a voltage generator, and that, except for possibly the 
vohage generator itself no mechanical means are required for controlling the direction of the 
outcoupled Ught Thus the control of the duection of outcoupled Ught is easy to handle by the 
end user or viewer and is robust due to the absence of mechanical components. The inventive 
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method of controlUng the direction of outcoupled light is thus suitable for seveial areas of 
illumination where easy handling and robust operation is desired. 

The measure according to claun 13 has the advantage of providing the 
possibility of a direct Hghting, i.e. light outcoupled normal to the exit surface or at a small 
5 angle to the normal of the exit surface, and a dijffiise lighting, i.e. light outcoupled at high 
angles to the normal of the exit surfece, simultaneously and from the same illummation 
system. A user m^ control the illumination system and choose which regions thereof that 
should provide which type of lighting. 

These and oflier aspects of the invention wiU be apparent from and elucidated 
10 whfa reference to the embodiments Ascribed hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The uxvention will now be described hi more detail and with reference to the 
appended drawings in which: 

Pig- 1 is a cross-section and shows a reflective display device equipped wilh 
an illumination system according to the invCTtion. 

Fig. 2 is a cross-section and shows, m greater detail, an illumination ^stem 
shown in Fig 1. 

Fig. 3 is a cross-section and shows the iUumination system of Fig. 2 when a 
20 higher voltage is apphed between a first and second electrode of the iUummation system. 

Fig. 4 is a cross-section and shows an examination room equipped with an 
iUumination system according to another embodiment of the mvention. 

Fig. 5 is a cross-section and shows an alternative embodiment of the invention. 

Fig. 6 is apian view and shows a cover glass shown in Fig. 5 as seen m the 
25 dhrection of the arrow VI. 

Fig. 7 is a plan view and shows a cover glass tiiat is used m yet another 
alternative embodiment of the invention. 

Fig. 8 is a cross-section and shows stili another alternative embodiment of the 

invention. 

Figures are diagrammatic and not to scale. Corresponding components 
generally have the same reference numerals. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
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In the description below "birefringenf ' means that a transparent object has one 
refractive index, the ordinaiy refractive index, towards light of a first polarization and 
another refractive index, the exliaordinaiy refractive index, towards Ught of a second 
polarization being opposite 1o said first polarization. Materials that show birefrmgence can be 
called "anisotropic". A material tiiat has tiie same refractive index regardless of the 
polarization of tiie light is called 'isotroiMc''. 

A displ^ device 1 shown diagrammatically in Fig. 1 comprises an image 
display panel 2 and an iUumination system 8 located between a not shown viewer and the 
display panel 2 and thus providing a front light illmntaation of the displ^ panel 2. 

The image displ^ panel 2 comprises a Kquid crystalline material 5 between 
two substrates 3, 4, based on the twisted nematic (TON), the supertwisted nonatic (STN) or the 
ferroelectric effect so as to modulate the direction of polarization of incident Ught. Hie image 
display panel 2 comprises, for example, a matrix of pfacels for which lighfr-reflecting picture 
electrodes 6 are provided on the substrate 3. The substrate 4 is light-txansmissive and has one 
or more light-transmissive electrodes 7 of. for example, ITO (Indium Tin Oxide). The picture 
electrodes are provided with electric voltages via comiection wires &, T which are provided 
wWi drive voltages by means of a drive unit 9. The substrates and electrodes are coated with 
orientation l^ers IS in Icnown manner. 

The iUumination system 8 comprises an optical waveguide 1 8 which is made 
from opticaUy transparent components and has four end feces 10, 10". A Ught source 12 
whose Ught is coupled into the optical waveguide 1 8 via one of the end feces, for example 
10. is situated opposite this end fece. The Ught source 12 m^ be. for example, a rod-shaped 
fluorescOTce lamp. The Ught source m^ alternatively be constituted by one or more light- 
emitting diodes (LED), notably to flat panel displ^ devices havmg smaU image display 
panels such as, for example, portable telephones. Moreover, fiie Ught source 12 may be 
detachable. 

The exit surface or exit fece \6 of the optical waveguide 18 feces tiie image 
display panel 2. Each end fece 10' of the transparent plate in which Ught is not coupled m 
may be provided with a reflector. In this way. Ugjit which is not coupled out on the exit fece 
30 16 and consequently propagates through the optical waveguide 18 and airives at an end face 
10' is thus prevented from leaving the optical waveguide 18 via this end face 10'. 

To prevent Ught from leaving the optical waveguide 18 without contributing to 
the Ught output of the illumination system 8. light of the light souree 12 is preferably coupled 
into the optical waveguide 18 via coupling means 13. 
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A light beam 20 from the light source 12 is converted in a manner to be 
described below into polariaad light so that mainly light of one polarization is deflected 
towards the reflective hnage display panel 2 (beams 21) and, dependent on the state of a 
pixel, reflected (beam 22) with the same or the opposite polarity. 
5 Afte- reflection on the pixel, the light of the opposite polarisation is converted 

in a phase plate or retarder 24 into linearly polarized light and reaches a polarizer 25 with 
such a direction of ttie transmission axis in this embodiment that the reflected li^t is 
absorbed. Similarly, polarized light of the same polarisation is passed by the polarizer 25. 

Stray ligji^ which is reflected on internal sur&ces (for example, the surface 

10 16), has apolarisalion wMch is opposed to that of the beam 22 and is also converted l>y the 
retarder 24 into linearly polarized light which is absorbed by the polarizer 25 (beams 26). 
Also parasitic light genoated m the optical wav^de 18 due to internal reflection is 
absorbed by Ifae polarizer 25 (beam 27). 

Fig. 2 is a sectional side view of the illumination system 8 comprising the 

15 optical waveguide 18. The optical waveguide 18 has a flat light guide 30 being a rectangular 
parallelepiped made from a material, such as PMMA (polymethyl metbaciylate), having 
good optical properties. The dunensions of the light guide 30 are ad^ted to fit the actual 
appUcation but could, as a typical example, for a PDA (Personal Digital Assistant) display be 
60 mm by 60 mm wifli a thickness of 1 mm. The Ught guide 30 has a surface 32 which feces 

20 the display panel 2 and is thus located on the exit surface side of the light guide 30. The 

surfece 32 is provided with outcoupling microstructures m the form of triangular grooves 34 
flwt extend in a duection bemg paraUel to the end face 10 at which light is coupled in from 
the lig^ source 12. A birefimgent layer 36 is ^lied on ftat surfece 32 of the light guide 30 
which feces the display panel 2. The bheftingent layer 36 comprises non-polymerisable 

25 switchable Uquid aystals m a Bquid matrix. The liqidd raystals are preferably of the type that 
are used fai Uquid Crystal Displays (LCD's). Thus the Uquid crystals change fbsir orientation 
when a voltage is ^lied. The chan^ of orientation of the liquid crystals also affect the 
anisotropy director of the bhdftingent layer comprismg the liquid ciystals. Thus fbe 
difference between the ordhiaiy refiactive index and fbs extraordinary refractive index of flie 

30 birefringent layer varies with the voltage ^plied. Preferably the ordmaty lefhictive index of 
the birefringent layer 36 is sunilar to the refiactive index of the (isotropic) li^ guide 30. The 
birefringottt layer 36 can be considered to be a liquid. Thus the grooves 34 become filled with 
the liquid matrix comprising the liquid crystals. 
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A transparent protective cover in the form of a protective cover glass 38 is 
appKed on the Ugiit guide 30 to keep the liquid birefringent 36 layer in place on the surface 
32. A first electrode 40 is attached to that surfece 42 of tiie cover glass 38 facing the 
birefiingent l^er 36. The first eleclrode 40 is thus in contact wifli the birefi-ingent layer 36. 
5 The first electrode is preferably made of ITO (Ihdium Hn Oxide) being a transparent, 

conductive materiaL A second electrode 44 is attached to the surface 32 of the light guide 30. 
Thus the second electrode 44 is also in contact with the bfaefi-ingent l^er 36. The second 
electrode 44, which may be formed of the same material, ITO, as the first electrode 40, is 
formed of stripes, having a not shown electrical contact with eadi other, to provide openings 
10 for the grooves 34. The first electrode 40 and the second electrode 44 are connected to a 
voltage generator 46. The surfece 32 and the fece 42 may be covered with orientation I^eis 
(not shown in Fig. 2) which are known &om LCD technology for providing a proper 
orientation of the liquid crystals. 

The situation shown in Fig. 2 is with a low voltage (typically 0-2 Volts, 
15 depending on the type of liquid crystals) applied between the first electrode 40 and the 
second eleclrode 44 by the voltage generator 46. At such low voltage the liquid crystals, 
which are elongated structures, of the birefringent layer 36 ate mainly orientated in such a 
w^ that their respective longitudmal axis is aligned perpendicular to the direction of the 
grooves 34. With such an orientation of the Uquid crystals the extraordinary refractive mdex 
of the bkefi-mgent l^er is ahnost the same as the ordhiaiy refiactive index of the birefiingent 
l^er. A beam 20 of unpolarized light is emitted ttom the light source 12. When the beam 20 
enters the groove 34 being filled with birefiingent material, i.e. the liquid crystals hi their 
fiquid matrfat, having an extraonHnaiy refiactive hjdex, which is slightly higher than the 
refiactive index of the ligjit guide 30, the beam 20 is split up to «ie beam 21 being s-polarized 
25 light (i.e. the plane of the light wave is comcident with the plane of the paper) and the beam 
26 being p-polarized light (Le. the plane of the light wave is peipendicular to the plane of the 
paper). As is clear fi-om Fig. 2 the beam 26 being a p-polarized light is not deflected at all 
since it is subject to the ordinary refiactive index of the btoefiringent material m the groove 
34, the ordinary refi-active index of the birefi-ingent material being substantially the same as 
30 the refi-active index of the light guide 30. The beam 21 being s-p6larized light is however 

deflected smce it is subjected to the extraordinary refractive index of the birefringent material 
hi the groove 34, said extraordinary refractive index being higher than the refractive index of 
the light guide 30. As is shown in Fig 2 the beam 21 (s-polarized light) is outcoupled at a 
rather small angle al to the beam 26 (p-polarized Hght). This is due to the feet that the 
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extraordinaiy refractive index of the birefringent layer is not much hi^er than the ordinaiy 
refractive index. The beam 21 then enters the display panel 2 as described above. The beam 
26 is totally mtemally reflected inside the optical waveguide 18 and may finally be 
outcoupled from the optical waveguide 18 at a low angle, such that it does not reach the 
display panel 2, or it may leave the optical waveguide 18 via one of the end feces 10, 10*, 
where it can be effectively recycled by a diffuse end-reflector (not shown in Fig. 2). 

As shown in Fig. 2 the light from the light source 12 is coupled m to the light 
guide 30 at a rather low angle from the plane of the light guide 30 while the s-polarized light 
is outcoupled at araflier high angle to the plane of the light guide 3o' The small angle of the 
light beam 20 from the light source 12 prevents light of the unwanted polarity, i.e. the p- 
polaiized light, from bemg outcoupled via Ae exit fece 16 and instead reflects it from that 
fece 16. 

Fig 3. shows the same illumhtatton system 8 as shown in Fig. 2. Fig. 3, 
however, shows a situation with a high voltage (typically 10-15 Volt^ dependmg on tiie type 
of liquid ciystals) applied between the first electrode 40 and the second electrode 44 by ihe 
voltage generator 46. At such high voltage the Uquid crystals of the Wreftingent layer 36 are 
mainly orientated m such a way that thefr respective longituduial axis is aligned parallel to 
the direction of the grooves 34. Wfth such an orientation of the Uquid crystals the 
exlraordmaiy refractive mdex of the birefringent layer is much higher than its ordtoaiy 
refractive mdex. Agam tiie beam 20 of light is split up m the beam 21 bemg s-polarized Ugbt 
(i.e. the plane of the light wave is coincident with flie plane of tiie paper) and tiie beam 26 
bemg p-polarized light (i.e. the plane of the light wave is perpendicular to the plane of tiie 
paper) by tiie grooves 34 filled with birefrmgent materiaL As is shown m Fig 3 tiie beam 21 
(s-polarized Ught) is outcoupled at a high angle ct2 to tiie beam 26 (p-polarized light) and 
ahnost nomial to tiie exit fece 16. This is due to ttie feet tiiat tiie extraordinaiy refractive 
mdex of tiie birefiingent layee is much higher tiian tiie ordinary refractive index. The beam 21 
leaves the illummation system 8 at an ahnost normal angle to the surface 32 and enters tiie 
display panel 2. 

Thus it is possible to adjust tiie dfrection of flie light outeoupled from tiie 
illuntination system 8 towards tiie display panel 2 m such a way tiiat more off-glare angles 
are obtahied which makes it easier for a viewer observfaig tiie display device 1 to observe tiie 
information provided thereon. 
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By applying voltages ranging between that voltage represented in Fig, 2 and 
that voltage represented in Fig. 3 a further control of the angle of the outcoupled light is 
possible. 

Fig. 4 incUcates another application of the invention. An illumination system 
108 for room lighting is similar to that described above with reference to Fig. 2. The 
illumination system 108 shown in Fig, 4 thus comprises an optical waveguide 1 18 having a 
flat light guide 130 being a rectangular parallelepiped made from a material, such as PMMA 
(polymethyl methacrylate), having good optical properties. The dimensions of the light guide 
130 are adapted to fit tiie actual application but could, as a typical example, for room lighting 
be 1 m by 1 m with a thickness of 10 mm. The light giude 130hasasur&ce 132 which faces 
the interior of an examination room 102, The surface 132 is provided with triangular grooves 
134 that extend in a direction being parallel to an end face 1 10 at which light is coupled in 
from a light source in the form of a lamp 1 12 supplying unpolarized light. A birefringent 
layer 136 comprising liquid crystals is applied on that surface 132 of the light guide 130 
which faces the room 102. A transparent cover glass 138 is applied on the light guide 130 to 
keep the liquid birefringent layer 136 in place on the surface 132. First and second electrodes 
140, 144 having contact with the birefringent layer 136 are coimected to a voltage generator 
146. The voltage supplied by the voltage generator 146 is controlled by a person, e.g. a nurse 
105 examining a patient 107 hi the room 102. The voltage generator 146 may, as an example, 
be controlled by a svdtch or a hand held remote control 109. When a difiuse light is desired a 
low voltage is applied to the electrodes 140, 144. A beam 121 A of polarized light will then 
be outcoupled at a high angle to tiie normal of an exit face 1 16 of the cover glass 138, i.e. 
towards the roof 103 of the room 102. When a concentrated, dhected li^it, e.g. a direct light 
on the patient 107 being examined by the nurse lOiS, is desired a high voltage is applied to the 
electrodes 140, 144. A beam 121B of polarized light will then be outcoupled almost normal 
to the exit &ce 1 16, e.g. directly towards the patient 107. In both cases light of the not desired 
polarization (beam 126) is reflected and recycled inside the light guide 130. 

Fig. 5 is a sectional view of an alternative embodiment of the invention. An 
illumination system 208 shown in Fig. 5 dijBfers from the illumination system 8 shown in Fig. 
2 only with respect to the design of the electrodes and the cover plate. A cover glass 238 is 
applied on a light guide 230 to keep a birefringent material 236 comprising liquid crystals in 
place. A first electrode 240 comprising a number of elongated stripes 241 is attached to that 
surface 242 of the cover glass 238 facing the birefringent layer 236. A second electrode 244. 
comprising a number of elongated stripes 245 is also attached to that surface 242 of the cover 
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glass 238 which faces the birefringent layer 236 and in such a way that the stripes 245 are 
located between the stripes 241 and are electrically isolated from them. 

Fig. 6 is a plan view of the cover glass 238 taken in the direction of the arrow 
VI in Fig. 5. As can be seen the stripes 241 of the first electrode 240 are connected to a 
5 voltage generator 246 via common wire 243 . In a similar manner tihe stripes 245 of the 

second electrode 244 are connected to the voltage generator 246 via a common wire 247. The 
arrangement of flie electrodes 240, 244 may be referred to as an "in plane switching" since 
hoUx electrodes 240, 244 that are used for contiX>ll]ng the outcoupling of the polarized light 
are located on the same plane, i.e. on liie sm&ce 242. Due to this arrangement no electrodes 
10 need to be located on that surfece 232 of the light guide 230 on which grooves 234 are 
formed* 

Fig. 7 shows still anolher embodimmt of the invention. In Fig. 7 a cover glass 
338 is shown m a plan view. This cover gjass 338 is intended for use with a light guide that 
has the same basic design as the li^t guide 230 presented in Fig. 5. The cover glass 338 

15 differs, however, from the cover glass 238 shown in Fig. 6 in the vfay that the electrodes are 
designed. That surface 342 of the cover glass 338 facing the birefringent layer (not shown in 
Fig 7) is divided into a first region 350, a second region 360 and a third region 370. The first 
region 350 has a stripe-shaped jSrst electrode 352 and a stripe-sh^ed second electrode 354 
that are attached to ttie surfece 342. The electrodes 352, 354, that together form a first set of 

20 electrodes, are connected to a voltage genemtor 356. The second region 360 has a stripe- 
shaped jBrst electrode 362 and a stripe-shaped second electrode 364 that are attached to the 
surface 342. The electrodes 362, 364, that togetiier form a second set of electrodes, are 
connected to a voltage generator 366. The third region is not provided with any electrodes. 
Using the cover glass 338 it is possible to apply a first voltage to the voltage generator 356 

25 and thus obtain an outcoiq)ling of polarized light in a desired direction from flie first region 
350 via an exit fece 316. A second voltage, which is independent from the first voltage, is 
applied to the voltage generator 366 to obtain an outcoupling of polarized light 1mm the 
second region 360 via the exit fece 316 in a desired direction independently from the light 
outcoupled fit)m Ihe first region 350. From ttie ftird region 370 polarized light is outcoupled 

30 via the exit face 3 1 6 at a low angle, e.g. to achieve a dlGRise back ground lighting, legardless 
of the voltages applied by the voltage generators 356, 366. The cover glass 338 shown in Fig. 
7 thus provides a certain amount of polarized light outcoupled at a small angle fix)m the fliird 
region 370 and the possibility of independently controlling the direction of light outcoupled 
from the first and second regions 350, 360. 
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In an alt^native embodiment, schematically indicated with dotted lines in Fig. 
7, only one voltage generator 386 and switches 388 are used to connect a desired selection of 
the from each other electrically isolated electrodes 352, 3S4» 362, 364 to tiie voltage 
generator 386. Thus a certdn region 350, 360 may be addressed without the requirement for 
two or more separate voltage generators 356, 366. The stripe-shaped first electrodes 352, 362 
could thus be regarded as fiom each other electrically insulated stripes forroing a virtual first 
electrode 340 and the stripe-shaped second electrodes 354, 364 could be regarded as from 
each other electrically insulated stripes forming a virtual second electrode 344. 

Fig. 8 is a sectional view of still another alternative embodiment of the 
invention. An illumination system 408 shown in Fig. 8 differs fiom the illumination system 
208 shown in Fig. 5 only with respect to the design of the light guide. A light guide 430 
shown in Fig 8 is on its surface 432 provided with outcoupling microstructures in the form of 
ridges 434. The ridges 434 are surrounded by a birefringent layer 436 which is covered by a 
cover glass 438 that also carries a &st electrode 440 and a second electrode 444, The ridges 
434 will provide a similar outcoupling of polarized light as the grooves described above. 

It vnll be appreciated that numerous modifications of the embodiments 
described above are possible within the scope of the appended claims. 

. The materials presented above are to be considered as examples. For one 
instance the cover glass 38, 138, 238, 338 may, as an alternative to glass, be manufactured 
firom a suitable transparent plastic material. The li^t guide 30 could be made from an other 
transparent mat^al, such as plastics otiier than PMMA or glass materials. The cover glass ' 
and the light gmde both should preferably be made from electrically isolating materials to 
avoid short dbrcuiting the electrodes attached -thereto. The electrodes coidd as attemative to 
transparent materials be made of electrically conducting materials tiiat are opaque or even 
completely impermeable to light. Transparent electrodes, and in particular electrodes made of 
ITO, are however preferable since they may be placed in the pathway of the outcoupled light 
without reducing the intensity of the outcoupled light. 

The outcoupling microstructures could be grooves, ridges or any other suitable 
structure and could be symmetrical or non-symmetrical. The size and shape, including the 
groove or ridge angle, of the grooves or ridges is designed in each specific case to obtain the * 
desired outcoupling of light with the present materials of the light guide, the birefringent 
layer and the cover glass and at the different voltages that are to be applied. The grooves 
preferably have a triangular shape and should be filled with the birefringent material of the 
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birefdngent layer. The nature of the birefringnet material itself also influences the direction 
of outcoupling and the switching behaviour. 

As alternative to using one light source 12 it is also possible to use two light 
sources located at opposite end faces. 
5 The mvention could be used for providing a three-dimensional (3D) 

illumination effect by providmg different information to each eye by changing the direction 
of outcoupled light for the respective eye. 

The display device 1 shown in Fig. 1 comprises a so called front lighting 
illumination system 8, Le. tiie illumination system 8 is located between the diq>]ay panel 2 
10 and the viewer who observes the light emitted via the polarizer 25. It is obvious fliat the 
illumination system according to the invention may be used also as a back ligihting ^stem, 
Le. the display panel is located between the illummation system and the viewer. In a back 
lighting illumination system the polarized light from the optical waveguide is directed 
towards the display panel which will, depending on the status of the pfatels, allow some of Ae 
15 polarized light to pass through and reach the viewer. Thus the invention is ^plicable for tiie 
illumination of different types of LCD's (e.g. transflective, reflective, or transmissive) and is 
not limited to the example given above. 

Above it is described how the invention is used for display illumination (Fig. 
1) and for room lighting (Fig. 4). An other area of application of the invention include inside 
20 car lightmg. In a car the light outcoupled from an illumination system could be controlled to 
provide direct illiunumtion of e.g. a road map or to provide a diffuse back groimd light The 
invention could also be used for the headlights of a car. Thus the illumination system could 
be operated to achieve outcoupling at an angle almost normal to tiie exit sur&ce, i.e. 
headlights on, or an outcouplmg at a low angle to the exit surface, i.e. dunmed headlights. 
25 In the above examples the outcoupled polarized light leaves the exit face 16 

and directty reaches an object, such as a display panel or a patient It is, however, also 
possible to provide a reflective coating at the exit fece 16 such that the outcoupled light is 
reflected back through the burefringpnt layor and ultimately leaves the wave guide via the 
light guide. This alternative is usually less attractive smce tiie li^t intensity is decreased 
30 when tiie light is forced to pass the light gitide and the birefringent layer twice, but may be of 
interest in some illxmiination applications. 

In the description above it has been shown that a high voltage applied results 
in an outcoupling almost normal to the exit face. This is true for birefringent materials having 
a positive electrical permittivity. It is however also possible to use birefringent materials 
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having a negative permittivity and in such a case an outcoiq)l]ng almost nonnal to the exit 
face is instead achieved by the application of a low voltage^ a high voltage resulting in the 
outcoupling of light at a hi^ angle to tiie nonnal of the exit face. 

To summarize an illumination system 8 comprises an optical waveguide 18 
which is made from optically transparent components and has four end faces 10, 10'. A light 
source 12 whose light is coupled into tiie optical waveguide 18 via one of the end faces 10, is 
situated opposite this end &ce 10. The optical waveguide 18 has a light guide 30. A 
birefringent layer 36 comprising liquid crystals is provided on the light guide 30 at an exit 
surface side thereof A first electrode 40 and a second electrode 44 both have electrical 
contact with the birefringent layer 36 and are connected to a voltage g^erator 46. By varying 
the voltage applied between the electrodes 40, 44 the birefringent properties of the 
birefringent layer 36 comprising the liquid crystals may be varied to control the direction of 
light outcoupled via the exit surface 16. 
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CLAIMS: 



1 . An illumination system comprising an optical waveguide (1 8) being optically 
transparent and having an exit surface (16) and a plurality of end faces (10, 10'), opposite to 
at least one (10) of which a light source (12) is situated, whose light is to be coupled in to tiie 
optical waveguide (18) at said at least one end face (10), the optical waveguide (18) haying 

5 polarizing means (30, 36, 40, 44) mtegrated therein for polarizing tiie light emitted by the 
light source (12), characterized in that the polarizing means (30, 36, 40, 44) comprises: 

a light guide (30), which is made of an optically transparent material and is 
adapted to receive said light coupled m to the optical waveguide (1 8) at s^d at least one end 
fece (10), 

^ 0 " a birefrmgent layer (36) comprising liquid aystals being provided on the light 

guide (30) at Hxe exit sur&ce (16) side tiiereof; and 

a first electrode (40) and a second electrode (44) both having electrical contact 

with ttie birefiingent layer (36) and being adapted to be connected to a voltage generator (46) 

by which the voltage applied between Ihe electrodes (40, 44) and thereby the birefringent 
15 properties of flie birefringent layer (36) comprising the liquid aystals may be varied to 

control the direction of light outcoupled via the exit surfece (1 6). 

2. An illummation system according to claim 1, wherein the light guide (30) 
comprises microstructures (34, 434) provided at its interface with the burefipingent layer (36), 

20 

3- An illumination system according to claim 2, wherein ttie microstructures are 

chosen among grooves (34), the birefiingent layer (36) occupying Ihe space formed by the 
grooves (34), and ridges (434) being surrounded by the birefrmgent layer (436). 



25 



4. An illumination system according to any one of claims 1 to 3, wherein a 

protective cover (38) is provided on the birefiingent layer (36). 
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5. An Uliuninationi^stem according to claim 4, wherein at 1^^ 

and the second electrodes (40, 44) is provided in the cover (38), on a face (42) thereof facing 
the birefringent layer (36). 

6. An illumination system accorcMng to claim 5, wherein both the first and the 
second electrodes (240, 244) are provided in the cover (238), on the face (242) thereof facing 
the birefring^nt layer (236). 

7. An illumination iqrstem according to any one of the preceding clauns, wherein 
at least one of the first and the second electrodes (240, 244) comprises a number of stripes 
(241,245). 

8. An illumination system according to claim 7, wherein the individual stripes 
(352, 362, 354, 364) of said at least one of the furst and the second electrodes (340, 344) are 
electrically isolated firom each other. 

9. An illumination system according to any one of the precedmg claims, wherein 
at least one of the first and the second electrodes (40, 44) is made of a transparent conductive 
material. 

10. A mefiiod of manu&cturing polarizing means (30, 36, 40, 44) in an optical 
waveguide (18) being optically transparent and having an exit surfece (16) and a plurality of 
end faces (10, 10')» opposite to at least one (10) of which a light source (12) is adapted to be 
situated, whose light is to be coupled in to the optical waveguide (18) at said at least one end 
face (10), the polarizmg means (30, 36, 40, 44) bemg adapted to polarize the light emitted by 
the light source (12), characterized by the steps of: 

forming a light guide (30) of an optically transparent material for receiving 
said light coupled in to the optical waveguide (18) at said at least one end face (10), 

forming a birefi-ingent layer (36) comprising liquid crystals on the light guide 
(30) at the exit surface (16) side thereof, and 

connecting a first electrode (40) and a second electrode (44) to the birefi-ingent 
layer (36) comprising the liquid crystals for controlling the direction of polarized light 
outcoupled via the exit surface (16) by the polarizing means (30, 36, 40, 44). 
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11. A method according to claim 10, wherein a protective cover (38) is formed on 

the birefringent layer (36), at least one of said first and said second electrodes (40, 44) being 
attached to the cover (38) on a face (42) thereof facing the birefringent layer (36). 

5 12. A method of controlling the direction of outcoupling of polarized light from an 

iUumination system (8) comprising an optical waveguide (18) bemg opticaUy transparent and 
havmg an exit surface (16) and a pluraHly of end feces (10, 10'), opposite to at least one (10) 
of which a light source (12) is situated, whose light is to be coupled m to the optical 
waveguide (18) at said at least one end fece (10), the optical waveguide (18) having 
10 polarizmg means (30, 36, 40, 44) integrated therein for polarizmg the light emitted by the 
light source (12), characterized in using a polarizing means (30, 36, 40, 44) comprismg: 

a light guide (30), which is made of an optically transparent material and is 
adapted to receive said light coi^led in to the optical waveguide (18) at said at least one end 
face (10), 

• ^ birefringent layer (36) comprising liquid crystals beu^g provided on the light 

guide (30) at the exit surface (16) side thereof, and 

a first electrode (40) and a second electrode (44) both having electrical contact 
with the birefrmgent layer (36), and 

applying a voltage between the first and the second electrodes (40, 44) that 
20 provides: the desired dfrection of the polarized light outcoupled via the exit surface (16). 

13. A method according to claun 12, further comprising using an exit surface 

(316) bemg divided into separate regions (350, 360) each bemg provided with a dedicated set 
of first and second electrodes (352, 354, 362, 364) and 
25 applying an individual voltage for the set of electrodes (352, 354, 362, 364) of each re^on 
(350, 360) for providing a desired and individual direction of the light outcoupled from that 
particular r^ion (350, 360). 
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ABSTRACT: 



An illumination system (8) comprises an optical waveguide (18) which is 
made from optically transparent components and has four end faces (10, 10'). A light source 
(12) whose light is coupled into the optical waveguide (18) via one of the end faces (10), is 
situated opposite this end fece (10). The optical waveguide (18) has a light guide (30). A 
biiefringent layer (36) comprising liquid ciystals is provided on the light guide (30) at an exit 
surface side thereof. A first electrode (40) and a second electrode (44) both have electrical 
contact with «ie birefringent layer (36) and are connected to a voltage generator (46). By 
varying the voltage applied between the electrodes (40, 44) the biiefringent properties of the 
birefringent layer (36) comprising the liquid aystals may be varied to control the dhection of 
li^ outcoupled via the exh surface (16). 
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